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Abstract
Abundant mammalian remains of Pliocene to Early Pleistocene age were recently recovered from cave and fis-
sure sediments of Dajushan Cave in Huainan (Anhui Province), Qipanshan Cave in Yinan (Shandong Province) and
Haimao Fissure in Dalian (Liaoning Province). The mammalian faunas of these localities are called the Huainan,
Yinan and Dalian Faunas, respectively. The remains from these localities are predominantly micromammals, espe-
cially insectivores and rodents. The stratigraphic studies on the fossil-bearing sediments as well as the taxonomic
studies of the remains reveal the stratigraphic sequences of the sediments and the faunal characteristics of each local-
ity.
The sediments of Dajushan Cave, Qipanshan Cave and Haimao Fissure are correlated biostratigraphically with
those of the Yushe Group, Nihewan Group and Locality I of Zhoukoudian, which are situated near to the three locali-
ties, and reliably dated by paleomagnetic and other non-faunal dating methods. The correlation reveals that the Huainan,
Yinan and Dalian Faunas are of early Pliocene, late middle Pliocene and late Early Pleistocene ages, respectively. The
data of the three faunas are combined with those of the Yushe and Nihewan Groups and Locality I of Zhoukoudian.
On the basis of these combined data, the insectivore and rodent faunal succession from the Late Miocene to Middle
Pleistocene in North China is reconstructed.
From the Late Miocene to early middle Pliocene, the fauna was dominated by grassland forms, but scarcely
contained woodland forms. A few forms occasionally immigrated from northern Eurasia and South China during this
period. Between the early middle Pliocene and late middle Pliocene, the fauna was greatly changed by the invasion,
mainly from South China and subordinately from northern Eurasia. Thereby the fauna became woodland type in the
late middle Pliocene. In the late Pliocene, however, woodland forms remarkably decreased, while grassland forms
became predominant again. At the Plio-Pleistocene boundary, the grassland forms further increased, which resulted
from the invasion of various voles from northern Eurasia and that of dry-adapted rodents from central Eurasia. Thus,
the early Early Pleistocene fauna became a grassland type. The fauna did not change basically from the early Early
Pleistocene to late Early Pleistocene, although the extinction of some archaic forms and the immigration from northern
Eurasia took place at their boundary. Between the late Early Pleistocene and Middle Pleistocene, several forms again
invaded not only from South China, but also from northern and central Eurasia. The Middle Pleistocene fauna was
dominated by grassland forms, but also supplemented by woodland forms.
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1. Introduction
Insectivore and rodent remains from Neogene and Qua-
ternary terrestrial sediments play very important roles for stud-
ies on biostratigraphy and faunal succession as well as evo-
lutionary patterns of mammals, because the remains are very
abundant in number and diversity, and because these groups
have undergone rapid evolution during the periods. Among
the terrestrial sediments, cave and fissure sediments gener-
ally yield much more abundant and much better preserved
mammalian remains, including insectivores and rodents than
other types of sediments such as fluvial, lacustrine and eolian
sediments. It is, however, difficult to determine the precise
geological age of the cave and fissure sediments, because each
of the sediments is deposited in an extremely small sedimen-
tary basin, and is generally poor in materials suitable for non-
faunal dating methods. Such difficulty can be conquered by
correlating them biostratigraphically with the other types of
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sediments in adjacent areas which are well dated by radioiso-
topic methods, paleomagnetic measurements and other non-
faunal dating methods. If we can precisely date the abundant
and well-preserved remains from the cave and fissure sedi-
ments, studies on faunal succession and evolutionary history
of insectivores and rodents would be greatly advanced.
In North China, fossiliferous cave and fissure sediments
of Pliocene and Early Pleistocene ages have been poorly
known from a few localities, although Middle and Late Pleis-
tocene ones are well recorded in many localities. Recently,
such sediments, probably dated as the Pliocene and Early
Pleistocene, were newly found at three localities in North
China, which yielded a large number of mammalian remains.
These localities are Dajushan Cave in Huainan (Anhui Prov-
ince), Qipanshan Cave in Yinan (Shandong Province) and
Haimao Fissure in Dalian (Liaoning Province), which are
described herein. The remains from Dajushan Cave and
Haimao Fissure were obtained by screening of the sediments,
and those from Qipanshan Cave were collected by dissolu-
tion of the sediments with acetic acid, and then by the screen-
ing. The insectivore and rodent remains obtained by such
procedures are quite numerous and well preserved. More-
over, they include a lot of new species, and are very interest-
ing from the viewpoints of biostratigraphy, biogeography,
taxonomy, phylogeny and faunal succession.
In the present paper, we begin with describing the geo-
logical setting of the three localities, and the faunal charac-
teristics of each locality. On the basis of these descriptions,
we correlate the sediments of the three localities with those
of the Yushe and Nihewan Groups and of Locality 1 of
Zhoukoudian, which are situated near to the three localities
Fig. 1. Late Cenozoic mammalian fossil localities discussed in
this paper. I. Dajushan Cave in Huainan; 2. Qipanshan
Cave in Yinan; 3. Haimao Fissure in Dalian; 4. Yushe; 5.
Nihewan; 6. Zhoukoudian.
(Fig. I), and are well dated by non-faunal dating methods.
This correlation results in determining the chronological po-
sitions of the localities. From the taxonomical viewpoint,
detailed systematic descriptions of numerous insectivore and
rodent remains from the localities are required, but they will
be given in separate papers.
The main purpose of this paper is to elucidate the de-
tailed faunal succession of insectivores and rodents in North
China, based mainly on the data obtained from the three lo-
calities and supplemented by the data from other localities.
In North China, insectivores and rodents of Pliocene and Early
Pleistocene ages have been studied by many researchers
(Young, 1927, 1934; Teilhard de Chardin and Piveteau, 1930;
Teilhard de Chardin, 1940, 1942; Jacobs and Li, 1982; Zheng,
1984a; Zheng and Li, 1986; Cai, 1987; Zheng and Cai, 1991;
Wu and Flynn, 1992; Cai and Qiu, 1993; Flynn and Wu, 1994,
etc.), but their studies are focused mainly on systematic de-
scriptions of the remains. Thus, the overall faunal succes-
sion has not been sufficiently described and discussed. On
the basis of the precise chronological and taxonomical data
obtained here, we attempt to reconstruct the faunal succes-
sion of insectivores and rodents in North China as the con-
clusions of this paper. We believe that our attempt will con-
tribute greatly to the progress of the studies on Neogene and
Quaternary micromammal faunas in China.
2. Geological setting
2.1. Dajushan Cave in Huainan
The fossil locality is situated on the hill of Dajushan near
the Huainan City Cement Plant (32 0 35' 47" N, 1170 I' 49"
E), which is southeast of central Huainan City, Anhui Prov-
ince (Fig.2). The height of the locality measures about 300
m above sea level. Early Carboniferous to Late Permian lime-
stones are well exposed in and around the cement plant. In
several quarries of the cement plant, mammalian fossils have
Fig. 2. Index map showing the location of the fossil locality
(Dajushan Cave) in Huainan City.
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Fig. 3. Plan of the fossiliferous sediments of Dajushan Cave.
been occasionally discovered in cave and fissure sediments
exposed on quarry faces. Unfortunately, most of them were
destroyed and never reported to scientists. Only a few fossil
bones have been collected as a Chinese medicine, "dragon
bone", by local people. InApril 1990, one of us (Jin) visited
Dajushan, and obtained an important piece of information
that a cave produced abundant "dragon bones" on the hill of
Dajushan, from Zhao who was working in the cement plant.
He guided Jin to a deep limestone cave which was completely
filled with cave sediments. The cave showed an irregular
shape in plan, about 7.2 m in maximum length and about 6.1
m in maximum width (Fig. 3). The sediments comprise sandy
mud and muddy sand consolidated by calcareous cement. The
cave was considerably destroyed by limestone quarrying, but
fortunately, some parts of the sediments remained on the walls
of the cave. Jin preliminarily excavated the sediments in col-
laboration with Hou Lian-hai of the Institute of Vertebrate
Paleontology and Paleoanthropology, Academia Sinica
(lVPP) and Han Li-gang of the Archaeological Institute of
Anhui Province, but the excavation was not finished. The
excavation revealed that the sediments were divided into six
layers, which were described below in descending order (Fig.
4; average thickness of each layer is given in parenthesis).
Layer I: Grayish yellow calcareous mud (110 em).
Layer 2: Brownish yellow calcareous muddy sand
which rarely contains breccia of limestone
with diameters of about 0.5 to 20 em (380
em).
Layer 3: Yellow calcareous sandy mud with few brec-
cia (120 em). The breccia contains slightly
rounded fragments of limestone and mud-
stone with diameters of about I to 3 em.
Layer 4: Brown siliceous sandy mud with breccia (110
em). The breccia consists mainly of lime-
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Fig. 4. Schematic cross-section of the fossiliferous sedimenls of
Dajushan Cave. For detailed explanation of each layer
see text.
stone and marl, and rarely of chert. It is
slightly rounded, and ranges from I to 4 em
in diameter.
Layer 5: Reddish brown calcareous muddy sand with
small breccia (25 em). This layer is highly
siliceous, and consolidated.
Layer 6: Reddish brown calcareous sandy mud with
breccia (more than 70 em).
Layers I and 2 contain abundant bat remains, and are
also characterized by highly abundant occurrence of well-
preserved cricetid rodents.
2.2. Qipanshan Cave in Vinan
The fossil locality is called Qipanshan Cave, because the
cave is situated on the hill of Qipanshan. The locality is situ-
ated about 0.5 km southeast of Xingtunzhi village in Yinan
County, Shandong Province (35 0 48' 45" N, 1180 16' 20" E;
Fig. 5). The height of the cave measures about 250 m above
sea level, and about 120 m above Fenhe River which runs
near the hill (Fig. 5). The locality was previously called
"Western Hill of Shuangquan cave" by Zheng (1984b).
This locality was found by Geological Team No. 809 of
Shandong during the regional mapping in 1971. Members of
the team obtained cricetine rodent remains from the locality,
and sent them to IVPP. The remains were subsequently stud-
ied by Zheng (I 984b), and were assigned to a new species
named Kowalskia yinanensis. In 1986, You Yu-zhu and Hou
Lian-hai, paleontologists of IVPP, visited the fossil locality
and collected additional vertebrate remains. Of these, the
specimens of mammals were send to Jin. In October and
November of 1987, he excavated systematically the northern
part of the fossiliferous cave sediments in collaboration with
Li Yi-zheng of IVPP. The excavation of the southern part of
the sediments was carried out in the next year.
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Fig. 5. Maps showing the location of the fossil locality (Qipanshan Cave) in Yinan County.
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Fig. 7. Schematic cross-section of the fossiliferous sediments of
Qi panshan Cave. a: reddish brown breccia, b: reddish
brown muddy breccia, c: reddish brown muddy sandstone,
d: brown or reddish brown fine-grained sandstone, e: red-
dish brown calcareous mudstone, f: brown fine-grained
sandstone.
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The cave is small and fissure-like. It is formed in Early
Ordovician limestones named the Yeli-Liangjiashan Forma-
tion. The cave extends north-eastward and wedges out in
this direction (Fig. 6). It is about 15 m in maximum length,
and about 4.8 m in maximum width. It was completely filled
with cave sediments such as breccia, sandstone and mudstone
which were consolidated by calcareous cement. The upper
part of the sediments is composed mainly of breccia with cal-
careous cement, and the breccia grades downwards into fine-
grained and laminated sandstone.
The excavations reveal the following stratigraphic se-
quence of the sediments which were divided into nine layers
in descending order (Fig. 7; thickness of each layer is given
in parenthesis). A brief description of this sequence was al-
ready given by Jin and Kawamura (I 996b).
Layer 1: Reddish brown breccia (I 10 em). The brec-
cia is highly diversified in size and composi-
tion, and consists mainly of angular frag-
ments of limestone and marl, and rarely of
chert. The diameter ranges from 0.5 cm to
40 em.
Layer 2: Reddish brown breccia (87 em). In this layer,
the breccia becomes smaller downwards, and
is arranged in the same direction. Its diam-
eter ranges from 0.6 to 12 cm.
Layer 3: Reddish brown muddy breccia (115 em).
This layer is more muddy than Layer 2. The
breccia contains slightly rounded fragments
of limestone, gray shale and dolomite.
Layer 4: Reddish brown muddy breccia (140-170 em).
The breccia ranges from 0.2 to 4 cm in di-
ameter and is slightly rounded. This layer is
also highly arenaceous.
Layer 5: Reddish brown muddy sandstone with small
breccia (50-100 em). Small calcareous mud-
stone lenses are developed in this layer.
Layer 6: Brown, fine-grained sandstone with pebble-
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Fig. 9. Schematic sketch showing the fossiliferous fissure sedi-
ments exposed in the quarry of Haimao. I: upper pocket
with Late Pleistocene yellow mud. 2: lower pocket with
Early Pleistocene reddish brown mud.
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ern slope of the hill is steeply cut by quarring. The hill is
composed of Middle Sinian limestones named the Ganjingzi
Formation.
In 1989, vertebrate fossils were discovered in fissure sedi-
ments exposed on a quarry face in the limestone quarry. In
June and July of the same year and the next year, Sun Yu-
feng and other researchers of Dalian Natural History Museum
excavated the fissure sediments. In November 1990, Jin vis-
ited the quarry to investigate the sediments with Sun Yu-feng
and collected many micromammalian remains from the sedi-
ments. Their field survey revealed that the original fissure
had run approximately from east to west with a length of 40-
50 m, and had been filled with reddish brown and yellow
mud with breccia. Unfortunately, the original shape of the
fissure was unknown and most of the sediments were not pre-
served owing to the destruction by limestone quarring for
many years. The excavation was carried out in the upper
working section with a slope of 45 degrees. The top of the
sediments was about 62 m high above sea level.
The fissure sediments infill two pockets with different
altitude (Fig. 9). They are composed mainly of mud with
few breccia and collapsed blocks of surrounding rocks. How-
ever, color and fossil content are quite different between the
sediments of the two pockets.
The sediments of the upper pocket consist of yellow mud
FOSSIL LOCALITY
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Fig. 8. Index map showing the location of Haimao, in Dalian.
sized breccia (11 0-120 cm). The sand grains
are well rounded.
Layer 7: Reddish brown fine-grained sandstone (140
cm).
Layer 8: Reddish brown calcareous mudstone with
breccia (ca. 30 cm).
Layer 9: Brown, fine-grained sandstone (more than 30
cm). The base of the layer is not exposed,
because the excavations were stopped in this
layer. Mammalian fossils are rare.
Layers I to 3 yield abundant large mammalian remains.
Layers 4 and 5 are main fossiliferous sediments in the cave,
and small mammalian remains abundantly occur in these lay-
ers.
Recently, the same section was described by You and Xu
(1996). They interpreted the relationship between Layers 4
and 5 as an unconformity, and considered that Layers I to 4
and Layers 5 to 9 are of Early Pleistocene age and of Late
Pliocene age, respectively. Their interpretation is, however,
undoubtedly a mistake, because any discontinuity in lithol-
ogy and mammalian fauna is not observed between Layers 4
and 5. We believe that all the layers are assignable to a single
geological period.
2.3. Haimao Fissure in Dalian
This fossillocaJity is located in a limestone quarry on the
hill north of Haimao village, Ganjingzi District, Dalian City
(38 0 57' 59" N, 121 0 38' 42" E; Fig.8). The top of the hill
measures about 89.4 m above sea level. The hill is low and
rounded, and exhibits a typical hilly landform. It has a saddle-
shaped ridge extending approximately in an east-west direc-
tion, and faces Dalian Bay on the east and north. The south-
121· 122· 123·
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with few grits, which includes fragments of surrounding rocks
and abundant large mammalian remains. The sediments are
1.5 m in thickness. The sediments of the lower pocket con-
sist of reddish brown mud with breccia and yield a large num-
ber of small mammalian remains. They are 0.5 m in thick-
ness.
The sediments of the upper pocket yield not only large
mammalian remains including Panthera tigris, Coelodonta
antiquitatis, Equus dalianensis, Gazella przewalskyi, but also
avian, amphibian and reptilian remains. The faunal charac-
teristics and 14C age of fossil bones (about 17,000 yr. B.P.)
indicate that the sediments are of Late Pleistocene age. The
fauna of the upper pocket was called the "Haimao Fauna" by
Sun et al. (1992). On the other hand, the sediments of the
lower pocket are considered to be of Early Pleistocene age
on the basis of the faunal content as discussed in the subse-
quent chapter. In the present paper, the mammalian fauna
from the lower pocket is exclusively described and discussed
from the viewpoints of biochronology and systematics. This
fauna was called the "Dalian Fauna" by Sun et at. (1992).
3. Mammalian fauna of each locality
3.1. Huainan Fauna from Dajushan Cave
The fossil mammal fauna from Dajushan Cave is here
called the Huainan Fauna. The fauna comprises insectivores,
chiropterans, lagomorphs, rodents, carnivores, perissodactyls
and artiodactyls. On the basis of the material collected by
the first preliminary excavation, the following 14 forms of
mammals are known as constituents of the fauna:
Order Insectivora
I. Erinaceus sp.
Order Chiroptera
2. Rhinolophus sp.
3. Hipposideros sp.
4. Myotis sp.
Order Lagomorpha
5. Nekrolagus sp. (or Aztlanolagus sp.)
Order Rodentia
6. Allocricetus cf. bursae Schaub, 1930
7. Kowalskia sp. nov. (1)
8. Kowalskia sp. nov. (2)
Order Carnivora
9. Ursus sp.
10. Nyctereutes sp.
II. Martes sp.
12. Meles sp.
Order Perissodactyla
13. Rhinocerotidae, gen. et sp. indet.
Order Artiodactyla
14. Cervidae, gen. et sp. indet.
Insectivore and rodent faunas-
Insecti vores and rodents are represented by four forms.
Only one fragmentary mandible is assigned to Insectivora,
and to the genus Erinaceus. The rodents are composed only
of cricetids (hamsters), while other rodent families, includ-
ing murids and arvicolids, are absent. The cricetids are re-
ferred to the two extinct genera, Allocricetus and Kowalskia,
and the latter includes the two new species. The present fauna
is characterized by the extremely high proportion of the three
species of cricetids. Of these, Kowalskia is more abundant
than Allocricetus.
Associated fauna-
Chiropteran remains are greatly abundant in the number
of individuals, although the number of taxa is relatively
few. They are referred to the three forms listed above.
Hipposideros sp. and Rhinolophus sp. are equal in abundance,
and are much more abundant than Myotis sp. Lagomorph
remains are well preserved, and assignable to a single taxon.
It is very interesting from the viewpoint of paleobiogeography,
because the form is clearly distinguished from known genera
of leporid lagomorphs in China, and is similar to the North
American leporid genera Neckolagus of the Late Miocene to
Early Pliocene and Aztlanolagus of the Late Pliocene to Late
Pleistocene. The carnivore remains are also quite abundant
(a lot of wonderfully preserved upper and lower jaws), and
are referable to at least four genera. Rhinocerotid and cervid
remains are composed of a few isolated teeth and fragmental
antlers, and they are too poor to give generic determination.
General remarks-
The mammal remains obtained from this locality are com-
posed mainly of chiropterans, cricetid rodents and carnivores.
In contrast to the abundant occurrence of cricetids, the fauna
is characterized by the absence of murid and arvicolid ro-
dents. This is possibly related to the paleoecological and
chronological conditions of the fauna as well as to the unsuit-
able condition for the preservation of murid remains in this
locality. The genera Erinaceus, Allocricetus, Kowalskia and
Ursus are typical elements of the Palearctic fauna. This indi-
cates that the fauna is more Palearctic in character than the
Yinan Fauna described below.
3.2. Yinan Fauna from Qipanshan Cave
The fossil mammal fauna from Qipanshan Cave is here
called the Yinan Fauna, which comprises insectivores, chi-
ropterans, lagomorphs, rodents, carni vores and artiodactyls.
The fauna is rich both in the number of individuals and in the
diversity of the taxa. It includes at least 26 forms (in species
level) which belong to at least 25 genera, and 14 families.
They are as follows:
Order Insectivora
1. Lunanosorex Iii lin and Kawamura, 1996
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2. Paenelimnoecus chinensis Jin and Kawamura,
1997
Order Chiroptera
3. Hipposideros sp.
4. Myotis sp.
Order Lagomorpha
5. Pliopentalagus sp.
Order Rodentia
6. Sciurus sp. (probably new species)
7. Hylopetes (Petinomys) cf. auctor (Qiu, 1991)
8. Pteromys sp.
9. Germanomys sp.
10. ?Eothenomys sp. (not studied yet)
11. Nannocricetus sp. nov.
12. Kowalskia yinanensis Zheng, 1984
13. Apodemus cf. atavus Heller, 1936
14. Chardinomys cf. yusheensis Jacobs and Li, 1982
15. Leopoldamys sp.
16. Micromys cf. tedfordi Wu and Flynn, 1992
17. Niviventer sp.
18. Muridae, gen. et sp. nov. (large murid species)
19. Vernaya sp.
20. Brachyrhizomys sp. nov.
Order Carnivora
21. Nyctereutes cf. sinensis Schlosser, 1903
22. Ursus yinanensis Li, 1993
23. Martes sp.
24. Meles cf. leucurus Hodgson, 1847
25. Felis microtis Milne-Edwards, 1872
Order Artiodactyla
26. Cervidae, gen. et sp. indet.
Insectivore and rodent faunas-
The insectivore and rodent faunas include at least 17 taxa.
The insectivores are represented by two forms of shrew with
striking difference in size. The large form Lunanosorex lii
and the smaller form Paenelimnoecus chinensis were already
described in the preceding papers (lin and Kawamura, 1996b,
1997). Of these, P. chinensis is closely related to the Euro-
pean Pliocene species, P. pannonicus. The sciurids are rare,
but assigned to one tree squirrel (Sciurus sp.) and two flying
squirrels (Hylopetes cf. auctor and Pteromys sp.). The
arvicolids are common in number, and consist of two forms,
Germanomys sp. and ?Eothenomys sp. The former is a primi-
tive arvicolid with rooted molars, and the latter is also primi-
tive but with unrooted molars. Unfortunately, the latter has
not yet been studied, because the specimens are still in highly
consolidated sediments. The cricetids are abundant in num-
ber, but composed of only two species, Kowalskia yinanensis
and a new species of Nannocricetus. Of these two, K.
yinanensis especially occurs in great numbers. The murids
contain a remarkably large form, which is clearly different
from the genera known from the Palearctic and Oriental Re-
gions, and Sulawesi Island. This form is represented by well-
preserved specimens, and assigned to a new genus and spe-
cies. Although the murids are taxonomically diverse, they
are not abundant in the number of specimens. Such forms as
Apodemus cf. atavus, Chardinomys cf. yusheensis and
Micromys cf. tedfordi have been found in the Pliocene of
China, but not found in the Early Pleistocene. The Oriental
genus Vernaya is represented by only one specimen. The
rhizomyid remains are common and assigned to a new spe-
cies of Brachyrhizomys. Brachyrhizomys is an element of
the Oriental Region. This new species is closely related to B.
nagrii, known from the Lufen Fauna of Yunnan Province and
the Siwalik Fauna of Pakistan.
Associated fauna-
The chiropterans are extremely rich in the number of in-
dividuals, and they are well preserved. They comprise a large-
sized hipposiderid (Hipposideros sp.) and a small-sized
vespertilionid (Myotis sp.), but rhinolophids are absent. The
hipposiderid and vespertilionid are nearly equal in abundance.
The lagomorphs are represented by a single, isolated, cheek
tooth of Pliopentalagus. This genus is rare in the Pliocene
faunas of China, and good specimens have not been obtained.
The carnivores are quite common and comprise abundant re-
mains (a lot of well-preserved upper and lower jaws). They
are assignable to at least fi ve genera. The artiodactyls are
represented by a few isolated teeth and fragmental antlers.
They are too poor to give generic determination.
General remarks-
The Yinan Fauna is characterized by the co-occurrence
of two different faunal elements, namely, those of the Pale-
arctic and Oriental Regions. The Oriental elements are ex-
emplified by Hipposideros, Hylopetes and Brachyrhizomys,
while the Palearctic elements are represented by Kowalskia,
Nannocricetus and Ursus. The present distributions of the
hipposiderids and rhizomyids are restricted to South China,
while the cricetids are confined to North China at family level.
Additionally, there is a transitional zone in central China in
which mammals of the two regions are mixed. The Yinan
Fauna is referable to the fauna of the transitional zone. More-
over, this fauna is characterized by the frequent occurrence
of extinct genera and species. The fauna also has the elements
indicative of both woodland and grassland environments as
well as a fairly mild climate.
3.3. Dalian Fauna from Haimao Fissure
The Dalian Fauna is composed of small mammals only,
and incl udes insecti vores, chiropterans, lagomorphs and
rodents, which comprise at least 26 forms belonging to 22
genera and 13 families. They are listed as follows:
Order Insectivora
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I. Erinaceus sp. nov.
2. Crocidura wongi Pei, 1936
3. Sorex bor Reumer, 1984
4. Sorex minutus Linnaeus, 1766
5. Beremendia pohaiensis (Kowalski and Li, 1963)
6. Urotrichus sp. nov.
Order Chiroptera
7. Rhinolophus pleistocaenicus Young, 1934
8. Myotis cf. pequinius Thomas, 1908
9. Myotis sp.
Order Lagomorpha
10. Ochotona nihewanica Qi u, 1985
II. Lepus cf. wongi Young, 1927
Order Rodentia
12. Marmota cf. robusta (Milne-Edwards, 1872)
13. Spermophilus cf. dauricus Brandt, 1843
14. Tamias wimani Young, 1927
15. Clethrionomys sp.
16. Microtus cf. minoeconomus Zheng and Cai, 1991
17. Microtus cf. probandti (Zheng and Cai, 1991)
18. Pitymys gregaloides Hinton, 1923
19. Allocricetus ehiki Schaub, 1930
20. Allocricetus sp. nov.
21. Cricetulus cf. barabensis (Pallas, 1773)
22. Meriones sp.
23. Apodemus sp. nov.
24. Micromys cf. minutus (Pallas, 1771)
25. Myospalax propsilurus Wang and Jin, 1992
26. Prosiphneus sp.
Insectivore and rodent faunas-
The insectivore and rodent faunas include at least 21
forms, of which six forms are insectivores. They contain a
large-sized shrew with pigmented teeth, which was already
described in detail and assigned to Beremendia pohaiensis
(lin and Kawamura, 1996a). A hedgehog fossil is distin-
guished from the known species of Erinaceus, and assigned
to a new species. A shrew-mole fossil is also referred to the
new species of Urotrichus, which is the first record of
Urotrichus in China. This species is possibly related to the
Japanese extant species Urotrichus talpoides. The sciurids
are relatively common in the fauna, and exclusively repre-
sented by ground squirrels, which are assigned to Marmota
cf. robusta. Spermophilus cf. dauricus and Tamias wimani.
The arvicolids are rich in specific diversity, and in the num-
ber of specimens. Most of them belong to rootless taxa. The
cricetids are one of the most abundant elements in the fauna,
and occur in great numbers. They are assigned to three taxa,
including one new species. The gerbillids are represented by
two isolated molars of Meriones. The mllrids are relatively
uncommon, and composed of two forms, including a new
species of Apodemus. The siphneids are characterized by the
co-occurrence of the rooted genus Prosiphneus and the root-
less Myospalax. Of these, Prosiphneus is very rare, but Myo-
spalax is rich in the number of individuals.
Associated fauna-
The chiropterans are considerably less than the insecti-
vores, and composed of only two genera. The relatively large-
sized rhinolophid, Rhinolophus pleistocaenicus, is more abun-
dant than the small vespertilionids (Myotis) in number. The
lagomorphs are divided into two genera, Ochotona and Lepus,
which are assigned to the extinct forms Ochotona nihewanica
and Lepus cf. wongi, respectively.
General remarks-
The Dalian Fauna is characterized by the co-occurrence
of the rooted Prosiphneus and rootless Myospalax, and by
the abundant occurrence of rootless arvicolids (Microtus and
Pitymys). Almost all the faunal elements are of Palearctic
type, but Oriental elements are absent. The fauna is also char-
acterized by the predominance of steppe elements, and by
the high proportion of the forms which are adapted to drier
steppe, such as Marmota. Spermophilus. Cricetulus, Myo-
spalax and Micromys. The fauna suggests drier and cooler
climate and steppe vegetation.
4. Biochronology
In North China, Pliocene and Pleistocene mammal-bear-
ing sediments are well known in many localities or areas.
However, few of them have been adequately studied in the
context of detailed stratigraphy or accurately dated by paleo-
magnetic, radiometric and other non-faunal dating methods.
The few exceptions are represented by the f1uvio-lacustrine
sediments of the Yushe and Nihewan Groups, and cave sedi-
ments at Locality 1 of Zhoukoudian (Fig. I). The sediments
of Dajushan Cave, Qipanshan Cave and Haimao Fissure are
correlated with these well-dated sediments using the bio-
stratigraphic method, in order to estimate their chronologi-
cal positions. In this chapter, we first provide an overview of
the well-dated sediments and thei r biostratigraphy. On the
basis of the overview, we attempt to correlate the sediments
of the three localities in question with the well-dated sedi-
ments, and determine the chronological positions of the three
localities.
4.1. Well-dated mammal-bearing sediments in North China
The Yushe Group in Shanxi Province is the most repre-
sentative mammal-bearing sediments of Late Miocene to
Pliocene age in North China. It attains more than 840 m in
thickness, and is divided into four formations, namely the
Mahlli, Gaozhllang, Mazegoll and Haiyan Formations, in as-
cending order (Fig. 10). Recent comprehensive studies by
the Sino-American joint research team have revealed the
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Fig. 10. Biostratigraphy of selected insectivore and rodent taxa in the Yush Group in relation to magnetic polarity timescale (modified
from Tedford etal., 1991; Wu and Aynn, 1992; Aynn, 1993; Aynn and Wu, 1994). 1: Insectivora, 2: Sciuridae, 3: Arvicolidae,
4: ricetidae, 5: Muridae, 6: Siphneidae, 7: Rhizomyidae. L: Loess, MPT: Magnetic polarity timescale, UC: Unconformity.
magnetostratigraphy and mammalian biostratigraphy of the
group (Tedford et ai., 1991; Flynn et al., 1991 etc.). The
bi stratigraphic ranges of micromammals are given in Fig.
10. The fauna of the Mahui Fonnation (6.0 - 5.3 Ma) is char-
acterized by the occurrence of Kowalskia A (small-sized
form), Apodemus orientalis (primitive species of Apodemus)
and Prosiphneus murinus. The fauna of the Gaozhuang For-
mation (5.2 - 4.0 Ma) is well known in its upper part, and
includes Yanshuella primaeva, Kowalskia B (larger form),
annocricetus mongolicus, Germanomys A, Apodemus qiui.
Micromys tedfordi and Chardinomys yusheensis. The fauna
of the Mazegou Formation (3.4 - 2.5 Ma) is characterized by
the occurrence of Beremendia pohaiensis, Germanomys B
Mimomys orientalis, A. zhangwagouensis and C. louisi, and
by the absence of Kowalskia and Nannocricetus.
The Nihewan Group in Hebei Province is one of the most
important Plio-Pleistocene mammal-bearing sediments in
North China. It overlies the Hipparion red clay bed and un-
derlies later Pleistocene Ioes . The stratigraphic range of
representative micromammals in this group are provided by
Zheng and ai (1991). The mammal fauna of this group is
divided into the Daodi and Danangou Faunas, in accordance
with its stratigraphic sequence (Fig. 11). The Daodi Fauna
(older than 2.4 Ma) is similar to the Mazegou Fauna of the
Yushe Group in the absence of Kowalskia and in the occur-
rences of Beremendia, Germanomys, Mimomys and Pro-
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siphneus (P paratingi type); the Danangou Fauna (2.4 - 1.2
Ma) is characterized by the occurrence of Alticola, Allo-
phaiomys, Microtus, Pitymys, Myospalax and Meriones.
The cave sediments at Locality 1 of Zhoukoudian are
famous for yielding Peking man. The sediments have been
dated by various non-faunal dating methods (paleomagnetic,
fission track, V-series, thermoluminescence), and range from
about 0.7 to 0.2 Ma (Fig. 12). They yield abundant mammal
remains. The fauna of the sediments is characterized by
the occurrence of the genera Cricetinus, Castor and
Trogontherium, and many extant species as well as forms
closely allied to them.
4.2. Biochronology of the Huainan, Yinan and Dalian Faunas
The Huainan Fauna contains the extinct genus Kowalskia
in abundance. This indicates that the fauna is older than the
Mazegou Fauna of the Yushe Group and the Daodi Fauna of
the Nihewan Group, which are considered to be of late
Pliocene age, because they completely lack Kowalskia. The
evolutionary changes in dental morphology of Kowalskia are
well demonstrated in Europe and are considered to be a good
time-marker. The same evolutionary changes are also ob-
served in China. Kowalskia from the Late Miocene Mahui
Formation of the Yushe Group (Kowalskia A) is consider-
ably different from those of the Gaozhuang Formation of the
same group (Kowalskia B and C) and the Huainan Fauna in
its smaller size and more primitive molar patterns. Kowalskia
from the Mahui Formation belongs to the same evolutionary
stage as K. neimengensis from the Late Miocene of Inner
Mongolia (Fig. 13). The Gaozhuang and Huainan Faunas
are, therefore, considered to be younger than the Late Mi-
ocene. Kowalskia of the Gaozhuang Fauna occurs in the up-
per part of the Gaozhuang Formation (early middle Pliocene
horizon), and shows somewhat more advanced characters in
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K. neimengensis
( V87722, 368 )
K. sp. nov. (I)
(VI0823,7)
K. sp. nov, (2)
(VI0824.3 )
K. yinanensis
. (VI0821, 22)
No Kowalskia
Extinction
Ertemte Fauna
(Inner Mongolia)
Huainal Fauna
A 11 h u i )
Yinal1 Fauna
(Shandong)
Mazegou Fauna
(Shanxi)
LATE MIOCENE EARLY PLIOCENE LATE MIDDLEPLIOCENE
LATE
PLIOCENE
Fig.13. Morphological changes of lower molars within the Kowalskia lineages recongnized in the Late Miocene and Pliocene of North
China. The diagrammatic representation is based on the right lower molars in occlusal view. Note reduction of the
EctoMesolophid and Ectosostylid. Arrows do not indicate an ancestor-descendant relationship within a single lineage.
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and Prosiphneus supports this age estimation, because these
forms are completely absent from Locality I of Zhoukoudian.
The Dalian Fauna is, therefore, considered to be of late Early
Pleistocene age.
The above-mentioned age estimation, based mainly on
the biostratigraphy of Kowalskia and arvicolids, indicates the
chronological positions of the Huainan, Yinan and Dalian
Faunas. In conclusion, these faunas are estimated to be of
early Pliocene, late middle Pliocene and late Early Pleistocene
ages, respectively (Fig. 14).
faulUl
Hualnan Fauna
Mahui Fauna
Ylnan Faune
G80zhuang fauna
Dallan Faun.
Zhoukoudian Loc•• fauna
lale Lale Miocene
carly Pliocene
lale middle Pliocene
early middle Pliocene
late Eally Pleistocene
Middle P1eislocellC
Late
Early
Otrooological unit
Lale Miocene
Pliocene
Pleistocene
Fig. 14. Chronological positions of the Huainan, Yinan and
Dalian Faunas in relation to the Mahui, Gaozhuang,
Mazegou, Daodi, Danangou and Zhoukoudian Faunas.
molar morphology than that of the Huainan Fauna. Thus, the
Huainan Fauna is somewhat older than the upper part of the
Gaozhuang Formation and correlative with its lower part. It
is concluded that the Huainan Fauna is of early Pliocene age
(Fig. 14).
The Yinan Fauna contains Kowalskia, Nannocricetus,
Germanomys, Chardinomys and Brachyrhizomys, which are
very important for biostratigraphic correlation. The occur-
rence of Kowalskia indicates that the Yinan Fauna is older
than the Mazegou and Daodi Faunas of late Pliocene age.
Moreover, the species of Kowalskia in the Yinan Fauna (Fig.
13) shows more advanced dental characters than those in the
early middle Pliocene horizon of the Gaozhuang Formation.
The Yinan Fauna is, therefore, considered to be chronologi-
cally intermediate between the early middle Pliocene and late
Pliocene, and we treat the age of the fauna as the later part
of the middle Pliocene (Fig. 14). The co-occurrence of
Nannocricetus, Germanomys, Chardinomys (a form near C.
yusheensis) and Brachyrhizomys from the Yinan Fauna does
not contradict this age estimation.
The Dalian Fauna completely lacks such archaic
arvicolids as Mimomys, Borsodia and Allophaiomys, and it
contains modernized arvicolids such as Microtus and Pitymys.
Arvicolids have been regarded as good time markers of later
Pliocene to Pleistocene terrestrial sediments not only in Eu-
rope but also in North America. The Danangou Fauna, which
overlies the Daodi Fauna in the Nihewan Group, contains the
above-mentioned archaic arvicolids, while they are absent in
the Dalian Fauna. The Danangou Fauna is considered to be
of early Early Pleistocene age and, therefore, the Dalian Fauna
is younger than this time. On the other hand, the Middle
Pleistocene fauna from Locality 1 of Zhoukoudian contains
the modernized arvicolids including Microtus. In specific
level, Microtus from this locality is obviously more modern-
ized than that from the Dalian Fauna, which suggests that the
fauna of Locality I of Zhoukoudian is younger than the Dalian
Fauna. The occurrence of such archaic forms as Beremendia
5. Insectivore and rodent faunal succession
In the preceding chapters, we describe the geological set-
ting and faunal contents of the Huainan, Yinan and Dalian
Faunas, and estimate their chronological positions. As men-
tioned above, the Hainan, Yinan and Dalian Faunas are inter-
posed chronologically between the Mahui and Gaozhuang
Faunas, between the Gaozhuang and Mazegou (or Daodi)
Faunas, and between the Danangou and Zhoukoudian Local-
ity I Faunas, respectively (Fig. 14). The three faunas de-
scribed in this paper are, therefore, very important for bridg-
ing these faunas in the context of the faunal succession from
the Late Miocene to Middle Pleistocene in North China. In
this chapter, we combine the data of the three faunas with
those of the other faunas mentioned above, and attempt to
reconstruct the insectivore and rodent faunal succession from
the Late Miocene to Middle Pleistocene in North China.
The Late Miocene fauna -
The fauna is reconstructed by the well-dated Mahui Fauna
of the Yushe Group. On the basis of the data given by Tedford
et al. (1991) and Flynn et al. (1991), the insectivores and
rodents of the Mahui Fauna comprise the following forms
(only rodents): Pliopetaurista rugosus, Kowalskia sp. A,
Karnimata hippaTionum, K. sp., Apodemus orientalis,
Prosiphneus murinus, Sicista sp., Lophocricetus sp.,
Pseudomeriones abbreviatus, and Brachyrhizomys shajius.
In the fauna, grassland forms are predominant, and only
Pliopetaurista is referred to a woodland element. Moreover
Pliopetaurista, Lophocricetus and Kowalskia suggest Euro-
pean affinity, while Karnimata and Brachyrhizomys suggest
South Asian affinity. Prosiphneus is considered to be indig-
enous.
The early Pliocene fauna -
The fauna is reconstructed by the Huainan Fauna de-
scribed here, and supplemented by the fauna of the lower
part of the Gaozhuang Formation of the Yushe Group (in the
sense of this paper, the Gaozhuang Fauna occurs from the
upper part of this formation). The latter fauna is scarcely
known, and comprises Soriculus praecursus, Karnimata
hipparionum, Prosiphneus eriksoni and Pseudomeriones
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abbreviatus (Flynn et al. 1991; Flynn and Wu, 1994).
The early Pliocene fauna is poorly known in comparison
with the later faunas, but contains two insectivore forms, such
as Erinaceus sp. and Soriculus praecursus. Erinaceus is an
extant genus of hedgehog. This hedgehog continued to in-
habit North China from the Miocene to early Pliocene, be-
cause it is known in the Miocene of North China (Qiu and
Qiu, 1995). On the other hand, Soriculus is considered to
have appeared in North China in this period, but to have dis-
appeared by the middle Pliocene. Soriculus is also an extant
genus, and now distributed in the Oriental Region, but absent
in North China. As regards rodents, cricetids such as
Allocricetus cf. bursae, Kowalskia sp. nov. (1) and K. sp. nov.
(2) are abundant in the fauna. The first form is near to the
European Early Pliocene species A. bursae, while the second
and third forms probably evolved in North China from the
Miocene species K. mongolicus and K. similis respectively,
and flourished in this period. Such evolutionary change is
parallel to that in the Kowalskia lineage of Europe. Karnimata
survived during this period, while Pseudomeriones probably
became extinct in its early part. The indigenous Prosiphneus
lineage continued to undergo its evolution, which is suggested
by the occurrence of P eriksoni. The fauna of this period is
dominated by grassland forms, as is that of the Late Miocene.
The difference between the present fauna and the Late Mio-
cene fauna seems not to be great, although the information
on faunal contents is insufficient.
The early middle Pliocene fauna -
The fauna is reconstructed by the Gaozhuang Fauna from
the upper part of the Gaozhuang Formation on the basis of
the data given by Tedford et al. (1991) and FIynn et al. (1991).
The insectivores of this fauna comprise two talpid genera,
Yanshuella and Scaptochirus. Yanshuella is a primitive mole,
which possibly inhabited North China from the Late Miocene
to this period, although it is not recorded in the Late Miocene
and early Pliocene faunas mentioned above. Yanshuella prob-
ably became extinct between the early middle and late middle
Pliocene, because it was absent from the late middle and late
Pliocene faunas described below. Scaptochirus is an extant
mole indigenous to North China, which recorded its first ap-
pearance in this period, but its ancestor is unknown in the
faunas of the earlier periods.
The rodents of this fauna consist of Hylopetes sp.,
Spermophilus sp., Sminthoides fraudator, Germanomys sp.,
Mimomys sp., Allocricetus sp., Kowalskia spp. (two forms),
Nannocricetus mongolicus, Apodemus qiui, Chardinomys
yusheensis, Micromys tedfordi and Prosiphneus truncatus.
Hylopetes is a flying squirrel genus which is the only sylvan
element of the fauna, while Spermophilus and Sminthoides
are indicative of grassland environments. These genera pos-
sibly continued to inhabit North China from the Miocene to
this period, because they are recorded from the Miocene lo-
calities of North China. The arvicolid genera, Germanomys
and Mimomys, first appeared in this period, and are consid-
ered to have been a result of the first arvicolid radiation around
the beginning of the middle Pliocene in northern Eurasia (Fig.
15). The cricetid genera Allocricetus, Kowalskia and
Nannocricetus continued to inhabit North China from the
early Pliocene to this period, although fossil records of
Nannocricetus are absent from the early Pliocene (but present
in the Miocene faunas). Kowalskia underwent rapid evolu-
tion during this period to more advanced forms of the late
middle Pliocene. The murids of this fauna comprise three
genera, namely Apodemus, Chardinomys and Micromys. The
species of these genera probably descended from earlier forms
such as A. orientalis, C. cf. similis and M. chalceus, although
the murids are absent in the early Pliocene fauna. The siphneid
species, Prosiphneus truncatus, appeared in this period, and
replaced P eriksoni of the early Pliocene.
The fauna of this period is of grassland type in general,
and composed mainly of the new forms which were evolved
in North China from the Late Miocene and early Pliocene
ancestors. In addition, the fauna includes immigrants, possi-
bly from northern Eurasia (Germanomys and Mimomys),
which settled in the fauna of North China until the late
Pliocene or even Early Pleistocene.
The late middle Pliocene fauna -
The fauna is reconstructed by the Yinan Fauna described
here. The insectivores of this fauna consist of two soricids,
Lunanosorex lii and Paenelimnoecus chinensis, but contain
no talpids. Lunanosorex is an indigenous genus of North
China. It probably appeared at the beginning of the late middle
Pliocene or in somewhat earlier times, and soon disappeared
before the late Pliocene. Paenelimnoecus is known mainly
in Europe, and P chinensis shows close affinity to the Euro-
pean Pliocene species. Paenelimnoecus is, therefore, con-
sidered to have migrated from Europe somewhat earlier than
the late middle Pliocene.
In the rodents, the sciurids are characteristic in compris-
ing tree squirrels only (Sciurus, Hylopetes and Pteromys).
Sciurus reappeared in this period, which had been present in
the Miocene fauna (Qiu and Qiu, 1995). Hylopetes contin-
ued to inhabit North China from the early middle Pliocene to
this period. Pteromys first appeared in this period. Its occur-
rence seems to be the oldest record of the genus, and its an-
cestor is unknown in the earlier faunas of North China. The
arvicolids consist of Germanomys and Eothenomys. The
former had lasted from the early middle Pliocene, while the
latter first appeared in this period. Eothenomys is considered
to be an immigrant from South China. The cricetids com-
prise two genera, Nannocricetus and Kowalskia, which con-
tinued to occur from the early middle Pliocene, but under-
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Fig. 15. Inferred insectivore and rodent faunal succession from the Late Miocene to Middle Pleistocene in North China, in relation to
the vegetational change.
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went evolutionary changes in species level from the preced-
ing periods. The murids were abundant in number and diver-
sity. Apodemus had lasted from the preceding period. In this
period, however, a form similar to the European Pliocene
species A. atavus appeared in the fauna. On the other hand,
Chardinomys and Micromys of this period were comparable
to the early middle Pliocene species of North China, C.
yusheensis and M. tedfordi. Other murids, such as
Leopoldamys, Niviventer, Muridae, gen. et sp. nov. and
Vernaya, had never been found in the earlier faunas, but newly
appeared in this period. They are considered to have origi-
nated in Southeast or South Asia, and possibly migrated north-
ward to North China just before this period. The rhizomyid
genus Brachyrhizomys appeared in the fauna. It is also con-
sidered to have immigrated from the Oriental Region.
The fauna of this period is characterized by the frequent
occurrence of woodland forms (Sciurus, Hylopetes, Pteromys,
Eothenomys, Leopoldamys, Niviventer, Vernaya and
Brachyrhizomys) and the absence of such grassland forms as
Mimomys and Prosiphneus. Of these forms, Eothenomys,
Leopoldamys, Niviventer, Vemaya and Brachyrhizomys are
considered to be immigrants from the Oriental Region. These
suggest that the environments of the late middle Pliocene were
warmer and more syl van than those of the precedi ng periods.
The remaining elements of the fauna are mostly considered
to be descendants of the early middle Pliocene fauna.
The late Pliocene fauna -
The fauna is reconstructed by the data of the Mazegou
Fauna (Tedford et al., 1991; Flynn et al., 1991) and those of
the Daodi Fauna (Cai, 1987; Zheng and Cai, 1991; Cai and
Qiu, 1993). The insectivores of this fauna are composed of
Erinaceus sp., Sorex spp., Paenelimnoecus sp., Beremendia
pohaiensis and Scaptochirus sp. Of these, Erinaceus and
Sorex reappeared in this period, but Paenelimnoecus and
Scaptochirus continued to inhabit from the middle Pliocene
to this period. Paenelimnoecus became extinct by the end of
this period, but Scaptochirus survived further into later peri-
ods. Beremendia first appeared in the fauna, and is consid-
ered to have migrated from Europe by this period.
The rodents of this fauna consist of Hylopetes sp.,
Pliopetaurista rugosus, Spermophilus sp., Sminthoides sp.,
Germanomys sp., Mimomys spp., Nannocricetus sp.,
Allocricetus sp., Apodemus zhangwagouensis, Chardinomys
louisi, Micromys tedfordi, Paralactaga sp., Prosiphneus
paratingi and Brachyrhizomys shansius. As regards sciurids,
Hylopetes survived until this period, but possibly became
extinct within this period. Pliopetaurista, Spermophilus and
Sminthoides, which had occurred in the earlier faunas, reap-
peared in this period. The arvicolids such as Germanomys
and Mimomys continued to inhabit North China, although the
latter was absent in the late middle Pliocene. The cricetids
were composed of Nannocricetus and Allocricetus, but
Kowalskia was completely extinguished in the fauna. This
indicates that Kowalskia became extinct by the beginning of
this period. Three murid genera, such as Apodemus,
Chardinomys and Micromys, continued to inhabit from the
preceding periods, and Paralactaga newly appeared in the
fauna. In the siphneid lineage, Prosiphneus paratingi replaced
the ancetral P praetingi by the beginning of this period, and
survived until the end of the period. As a rhizomyid,
Brachyrhizomys also survived in this period.
In comparison with the late middle Pliocene fauna, wood-
land elements clearly decreased in the present fauna, and the
immigrants from the Oriental Region were mostly extin-
guished, while grassland elements increased with the addi-
tion of Mimomys, Paralactaga and Prosiphneus. These indi-
cate that the sylvan environments of the late middle Pliocene
changed into the environments dominated by grassland, but
woodlands still remained, which permitted the survival of
Hylopetes, Pliopetaurista and Brachyrhizomys. The fauna
of this period is more similar to that of the early middle
Pliocene than that of the late middle Pliocene. From the late
middle Pliocene to the late Pliocene, the immigration from
other areas was restricted to that of Beremendia from Europe
and that of Paralactaga from central Eurasia, while the ex-
tinctions in generic level seem to have occurred in three groups
(Lunanosorex, Kowalskia and Muridae, gen. et sp. nov.).
The early Early Pleistocene fauna -
The fauna is reconstructed by the data of the Danangou
Fauna, mainly from Zheng and Cai (1991). The insectivores
of this fauna consist of Sorex sp. and of Erinaceus sp. nov.,
which was originally described as E. cf. dealbatus by Teilhard
de Chardin and Piveteau (1930). In generic level, Sorex and
Erinaceus lasted from the late Pliocene.
The rodents of this fauna comprise Mimomys cf.
youhenicus, Borsodia chinensis, Alticola simplicidentata,
Pitymys cf. hintoni, Allophaiomys cf. pliocaenicus, Microtus
probrandti, M. minoeconomus, Phodopus cf. sungorus,
Meriones sp., Chardinomys nihowanicus, Myospalax tingi,
Allactaga cf. annulata and Hystrix sp. Of these, the first seven
forms are referred to arvicolids. This indicates that the fauna
was dominated by the arvicolids. In the arvicolids, the ar-
chaic genus Mimomys still survived in this period, while
Borsodia, Alticola, Pitymys, Allophaiomys and Microtus
newly appeared, which possibly resulted from the second ra-
diation of arvicolids (Fig. 15). In contrast to the arvicolids,
the cricetids were represented by only one genus, Phodopus,
which was newly added to the fauna. On the other hand,
Nannocricetus of the same family already became extinct by
this period. The murid genus Chardinomys survived during
this period, and the advanced siphneid genus Myospalax newly
appeared in the fauna. The forms belonging to other families,
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such as Allactaga (Dipodidae), Meriones (Gerbillidae) and
Hystrix (Hystricidae), also appeared. Of these, Allactaga and
Meriones are inhabitants of arid areas.
The fauna of this period is of grassland type, which is
indicated by the diversified arvicolids and the occurrence of
Myospalax, Allactaga and Meriones. Between the late
Pliocene and the early Early Pleistocene, Borsodia, Allo-
phaiomys and Microtus migrated into North China from north-
ern Eurasia, while Allactaga and Meriones also migrated
possibly from arid areas of central Eurasia.
The late Early Pleistocene fauna -
The fauna is reconstructed by the Dalian Fauna descri bed
here. In the insectivores, Erinaceus sp. nov. lasted from the
early Early Pleistocene. Crocidura reappeared in North China
after the long time interval between the Miocene and Early
Pleistocene. The two species of Sorex, S. bor and S. minutus
possibly migrated from Europe or northern Eurasia, because
they are well known in the Pliocene of Europe. Beremendia
pohaiensis which had descended from the late Pliocene form
without speciation, undoubtedly inhabited North China.
Urotrichus was newly added to the fauna, but it was rare and
soon disappeared by the Middle Pleistocene.
In the rodents, the sciurids contain no tree squirrels, but
comprise only ground squirrels such as Marmota,
Spermophilus and Tamias. Marmota first appeared in this
period, and had possibly shifted from northern Eurasia.
Spermophilus and Tamias (=Eutamias) have forerunners in
the earlier faunas, but they approached the extant forms in
specific level. The arvicolids are diversified and abundant,
as in the early Early Pleistocene fauna, and comprise three
genera, Clethrionomys, Microtus and Pitymys. Clethrionomys
first appeared in North China, while Microtus and Pitymys
were possi bl y descendants of the earl y Earl y Pleistocene
forms. The archaic arvicolids, such as Mimomys, Borsodia
and Allophaiomys, were absent. This indicates that their ex-
tinctions took place by the beginning of this period, and the
arvicolid fauna became modernized by this period (Fig. 15).
In the cricetids, Allocricetus reappeared in the fauna, but had
evolved into a more modernized form in species level. The
gerbillid genus Meriones, found in the early Early Pleistocene,
still survived in this period. The murids are composed of two
genera, Apodemus and Micromys, but lack Chardinomys,
which already became extinct by this period. Apodemus and
Micromys of this fauna were more modernized than those in
the Pliocene faunas. In the siphneids, Prosiphneus barely
survived in this period, while Myospalax was highly predomi-
nant.
The fauna of this period is similar to that of the early
Early Pleistocene in the predominance of grassland forms.
The exclusive occurrence of ground squirrels in the sciurids,
the abundant occurrence of arvicolids and Myospalax, and
the occurrence of Meriones indicate grassland environments
in this period. On the other hand, the present fauna is more
modernized than that of the early Early Pleistocene. New
immigrants are restricted to the two species of Sorex, Marmota
and Clethrionomys, which were possibly from northern
Eurasia.
The Middle Pleistocene fauna -
The fauna is reconstructed by the fauna of Locality I of
Zhoukoudian, which was given by Young (1934) and partly
amended by Pei (1936), Repenning (1967), Musser (1981),
Zheng (l984a), Zheng and Cai (1991) and Zhang et al. (1993).
The insectivores comprise Erinaceus olgai, Chodsigoa
bohlini, Crocidura wongi and Scaptochirus primaevus.
Erinaceus olgai replaced E. sp. nov. by this period, and
Chodsigoa first appeared in the fauna as an immigrant from
South China. Crocidura wongi continued to inhabit from the
late Early Pleistocene, and Scaptochirus reappeared in the
fauna. On the other hand, the representative elements of the
late Early Pleistocene such as Sorex, Beremendia and
Urotrichus were completely absent.
The rodents consist of many forms, such as Marmota
robusta, M. complicidens, Spermophilus mongolicus, Tamias
wimani, Petaurista brachyodus, Castor sp., Trogontherium
cf. cuvieri, Clethrionomys rufocanus, ?Eothenomys sp.,
Alticola sp., Pitymys sp., Eolagurus simplicidens, Microtus
brandti, M. oeconomus, Cricetinus varians, Cricetulus
longicaudatus, Allocricetus teilhardi, Gerbillus roborowskii,
Apodemus sylvaticus, Micromys cf. minutus, Niviventer
confusianus, Mus cf. musculus, Myospalax wongi, M. sp. and
Hystrix subcristata. Of these, the sciurids are dominated by
ground squirrels (Marmo/a, Spermophilus and Tamias), but
contain a flying squirrel (Petaurista). Modernized beavers
(Castor and Trogontherium), which were completely absent
in the preceding periods, newly appeared. The arvicolids were
as abundant and diversified as in the late Early Pleistocene,
and most members of this family were modernized. They are
extant species or are comparable to extant species. In the
cricetids, Allocricetus and Cricetulus survived to evolve into
the extinct species A. teilhardi and the extant species C.
longicaudatus respectively, and Cricetinus newly appeared
and became a dominant group. Instead of Meriones, an ex-
tant gerbillid genus, Gerbillus, possibly migrated from arid
areas. All the members of murids became extant species or
some forms comparable to extant species. Niviventer of the
murids and the hystricid genus Hystrix are referred to the
Oriental elements, and possibly shifted from South China.
In the siphneids, Prosiphneus was completely extinguished,
and Myospalax became the only constituent of the group as
in the present day.
The fauna of this period is dominated by grassland forms,
as in the Early Pleistocene faunas, but somewhat enriched by
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the addition of woodland fonns which possibly migrated from
South China (Chodsigoa, Petaurista, Niviventer and Hystrix).
Moreover, new immigrants from northern Eurasia are also
found (Castor and Trogontherium). The fauna of this period
is more modernized than that of the late Early Pleistocene by
the extinction of the archaic forms (Beremendia and Pro-
siphneus) and by the increase of extant species.
6. Conclusions
The cave and fissure sediments of Dajushan Cave,
Qipanshan Cave and Haimao Fissure yield abundant mam-
malian remains. Their mammalian faunas are called the
Huainan, Yinan and Dalian Faunas, respectively. The taxo-
nomic study of the insectivores and rodents of the Huainan
Fauna reveals that they contain the two new hamsters,
Kowalskia sp. nov. (I) and K. sp. nov. (2), and the other ham-
ster comparable to the European Early Pliocene species
Allocricetus bursae. The taxonomic study of those of the
Yinan Fauna also reveals that the flying squirrel Pteromys in
the fauna is the oldest record of the genus, the murids abun-
dantly contain Oriental elements such as Leopoldamys,
Niviventer and Vernaya, and the other murid Apodemus is
assignable to the form comparable to the European Pliocene
species, A. atavus. Moreover, the new species of rat, hamster
and bamboo rat are recognized, which are Muridae, gen. et
sp. nov., Nannocricetus sp. nov. and Brachyrhizomys sp. nov.,
respectively. The taxonomic study of the insectivores and
rodents of the Dalian Fauna provides us with the following
new knowledge: The new species of hedgehog (Erinaceus),
shrew-mole (Urotrichus), hamster (Allocricetus) and field
mouse (Apodemus) are included in the fauna. Of these, the
new species of Urotrichus and Apodemus show affinity to
the Japanese extant species, and seem to provide the infor-
mation on their ancestry. The two shrew species are identi-
fied as Sorex bor and S. minutus which are well known from
the Pliocene faunas in Europe. These species are, therefore,
considered to have migrated, possibly from Europe through
northern Eurasia. The occurrence of the red-backed vole
Clethrionomys possibly indicates its earliest record in North
China.
The sediments of Dajushan Cave, Qipanshan Cave and
Haimao Fissure are correlated biostratigraphically with those
of the Yushe Group, Nihewan Group and Locality I of
Zhoukoudian which are situated near to the caves and fis-
sure, and well dated by paleomagnetic and other non-faunal
dating methods. The correlation, mainly based on Kowalskia
and arvicolids, reveals that the Huainan, Yinan and Dalian
Faunas are interposed chronologically between the Late Mi-
ocene Mahui Fauna of the Yushe Group and the early middle
Pliocene Gaozhuang Fauna of the same group, between the
Gaozhuang Fauna and the late Pliocene Mazegou Fauna of
the same group (or the Daodi Fauna of the Nihewan Group),
and between the early Early Pleistocene Danangou Fauna of
the Nihewan Group and the Middle Pleistocene fauna of Lo-
cality I of Zhoukoudian. Thus the Huainan, Yinan and Dalian
Faunas are of early Pliocene, late middle Pliocene and late
Early Pleistocene ages, respectively.
The data obtained by the present taxonomic studies of
the three faunas are combined with those of the Mahui,
Gaozhuang, Mazegou, Daodi, Danangou and Zhoukoudian
Locality 1 Faunas previously studied, in accordance with the
chronological framework mentioned above. On the basis of
these data, we reconstruct the insectivore and rodent faunal
succession in North China from the Late Miocene to Middle
Pleistocene (Fig. 15).
The Late Miocene fauna was dominated by grassland
forms, and contained the genera indicative of European and
South Asian affinities. The early Pliocene fauna was also
dominated by grassland forms, and seems not to have been
greatly different from that of the Late Miocene. Only one
genus of shrew (Soriculus), which had possibly migrated from
South China, newly appeared in the early Pliocene fauna.
Between the early Pliocene and early middle Pliocene,
the voles (Germanomys and Mimomys) and the mole
(Scaptochirus) newly appeared. The appearance of the voles
is considered to have resulted from the first radiation of
arvicolids, which is generally recognized in northern Eurasia.
The early middle Pliocene fauna was of grassland type in
general, and was composed mainly of the new forms which
evolved in North China from the Late Miocene and early
Pliocene ancestors.
Between the early middle Pliocene and late middle
Pliocene, the fauna greatly changed from grassland to wood-
land types. Several rodents, such as Eothenomys,
Leopoldamys, Niviventer, the new murid genus, Vernaya and
Brachyrhizomys, invaded from South China; this was possi-
bly related to the northward expansion of woodland environ-
ments. Moreover, Paenelimnoecus, Pteromys and Apodemus
atavus migrated from northern Eurasia, and the indigenous
genus Lunanosorex first appeared. In contrast to these, the
extinction at this time was restricted to that of Yanshuella.
These changes resulted in the fauna of the late middle Pliocene
being of woodland type. The elements other than the above-
mentioned immigrants were mostly referred to descendants
of the early middle Pliocene fauna.
Between the late middle Pliocene and late Pliocene, the
fauna again changed owing to the disappearance of the in-
vaders from South China, the extinction of Kowalskia and
Lunanosorex, and the appearance of Beremendia and
Paralactaga. Such change was related to the cooling of the
climate and the retreat of woodlands. In the late Pliocene
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fauna, grassland forms again increased, but some woodland
forms still remained.
Between the late Pliocene and early Early Pleistocene,
the arvicolids such as Borsodia, Allophaiomys, Microtus and
Pitymys migrated into North China from northern Eurasia,
while Allactaga and Meriones also shifted from arid areas of
central Earasia. These migrations resulted from the drying
of the climate, and the expansion of grassland. The second
radiation of arvicolids in northern Eurasia was also related to
the drastic increase of the arvicolids in the fauna. On the
other hand, the archaic forms such as Germanomys and
Nannocricetus, as well as woodland forms such as Hylopetes.
Pliopetaurista and Brachyrhizomys, became extinct at the
beginning of this time. These changes resulted in the early
Early Pleistocene fauna being of grassland type.
Between the early Early Pleistocene and late Early Pleis-
tocene, Sorex bor, S. minutus, Marmota and Clethrionomys
migrated from northern Eurasia, while the archaic arvicolids
such as Mimomys, Borsodia and Allophaiomys became ex-
tinct. These extinctions modernized the arvicolid fauna. The
archaic murid Chardinomys also became extinct, while the
shrew-mole Urotrichus appeared. The late Early Pleistocene
fauna was clearly of grassland type, as was that of the early
Early Pleistocene, but its components became more modern-
ized than those of the preceding fauna.
Between the late Early Pleistocene and Middle Pleis-
tocene, the elements of South China again invaded North
China. They are Chodsigoa. Petaurista, Niviventer and
Hystrix. The beavers (Castor and Trogontherium) and gerbil
(Gerbil/us) migrated from northern and central Eurasia, re-
spectively. On the other hand, Beremendia, Urotrichus and
Prosiphneus became extinct. The Middle Pleistocene fauna
was dominated by grassland forms, but somewhat enriched
by the addition of the woodland forms (the above-mentioned
invaders from South China). This indicates that woodlands
were more expanded than in the early Early Pleistocene. As
regards the components of the fauna, they were further mod-
ernized by the above-mentioned extinctions, and by the in-
crease of extant species.
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